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Abstract
Through the twentieth century, the road from synthetizing a new drug molecule to
become an actual product got longer than ever before. Cytotoxicity assays are a quick
way to assess a certain chemical compound’s effects on a given human cell line. The
most well-known techniques are the MTT- and the LDH-assays. These tests are cheap,
easy to execute, but not very precise and dependent on various environmental factors
and also, they show no detail about the time-dependency of the toxic effect. Cytotoxicity
experiments are a crucial part of a modern pharmaceutical development process. They
are a cheap and safe way to get vital information about a new molecule’s biological
attributes focusing on its basic tolerability. These studies not only save human lives and
test animals, but they save the time and resources to be spared on a test molecule which
is a complete failure having no in vitro safety.
Keywords: cytotoxicity, pharmaceutical development, preformulation, cell cultures,
in vitro toxicity
1. Role of cytotoxicity tests in the pharmaceutical development
Pharmaceutical safety is essential factor in the development of every medicament [1]. The early
stage of the formulation development must include wide toxicity screening of the applied
components; not exclusively the API, but all the incorporated excipients as well. When a
formulation of a new chemical with interesting biological properties enters this process, it will
undergo extensive testing designed to address and solve many complex issues [2]. However,
the pharmaceutical effectiveness is essential, but might seem as an insufficient factor of a
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successful medication [3]. The formulated delivery system must support the administration of
the API to improve patience compliance [4]. Moreover excipients are able to enhance the API’s
effectiveness in many cases [5]. Besides their role in solubility or stability issues many excipi-
ents are used as penetration enchancers, since their effect on biological membranes [6]. It has
been concluded that this advantageous property of excipients must be considered before the
formulation but toxicity aspect shows great impact as well [7]. To optimize the procedure cost
of this part of preclinical phase, simple but reliable methods must be performed [8]. Traditional
drug toxicity tests are great possibilities for the pharmaceutical developers, not only because of
the associated loss of human life or health, but also because of immense financial loss of
investment [9]. Early application of appropriate cell-based assays in drug development offers
the single-most impactful solution to the challenge of human toxicity [10]. In vitro cell line
models for evaluating toxicity should predict human specific toxicity. This may be due in part
to the success that in vitro screening for certain absorption, distribution, metabolism, and
elimination (ADME) endpoints has seen over the past 10 years. In vitro systems designed to
evaluate permeability, interaction with membrane transporter systems, and metabolic stability
in cell models with human relevance reduced this failure rate to less than 10% [11]. To ensure
success in toxicology evaluation methods, comprehensive and tiered screening methods must
be employed. To avoid adverse results or conclusions, potential labilities and limitations of the
experiments must be investigated [12]. It is unlikely that a single in vitro viability test or cell
line model would be sufficient as a final decision point for toxicity [13]. In a well-built toxicity
screening procedure, different test types on different cell cultures must be performed.
In tiered approach, in vitro toxicity screening models are based on the cell viability alteration of
different human cell lines. These determinations must be well characterized and predictive of
in vivo effects with a low incidence of false positive or negative results. The methods must have
the capacity to evaluate various molecules in a short period of time with a minimum amount of
compound. The results should provide information on potential mechanisms of toxicity, and
subcellular targets as well. These results might ensure useful data for the inventors to modify
structures of API or alter the amount or types of excipients that are applied in the delivery
system development. The modified compositions can be re-screened for toxicity without large
cost. The first decisive step is the cell line selection. According to the desired administration
route, developers are able to select the most appropriate cell cultures for the in vitro assess-
ments [7]. Nowadays, a wide range of different immortalized or primary cell and tissue
models are available from safe sources for in vitro toxicity evaluation. However a well selected
cell type ensures valuable information about the developed dosage form, the investigators
often faced difficulties; since the main strengths and weakness of the models must be consid-
ered wisely. Routine toxicity screening procedures require a robust cell culture model that can
be maintained easily in flasks and 96-well culture plates or inserts. The cells must be geneti-
cally stable and provide reproducible results in each assessment. The cells should be well
characterized in terms of their doubling time, optimal growth conditions, and biochemistry.
Various human cell lines are used routinely to evaluate toxicity. For example, Caco-2, HaCaT,
CaLu, HeLa, 3 T3, HEK293, and many more. During the cell line selection process, it is
important to totally characterize the morphology and understand the relevant biochemistry
of the cells. These data are required to understand the background of potential mechanisms of
toxicity [14]. In vitro cytotoxicity assays offer special and early identification of potential
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cytotoxicity of compounds, the property that might leads to irritancy during the application. In
vitro toxicity tests are found to be advantageous in preclinical studies because of their eligibil-
ity, cost effectiveness, and reproducibility. Cell viability assays are developed to measure
activities attributable to cellular maintenance and survival. Beside metabolic biomarkers, such
as mitochondrial reductase, ATP reductase etc., homeostatic enzyme activities can be moni-
tored as well [15]. During these measurements, various compounds can be routinely investi-
gated with a relatively short incubation. In case of cytotoxicity assays, the test focuses on to
detect loss of membrane integrity associated with cell death [16].
Lactate dehydrogenase (LDH) is one of the most preferred marker for cell death. LDH assay is a
robust and most cost-effective method for cell cytotoxicity measurements. Real time cell condi-
tion monitoring is a relatively new possibility in toxicity screening. During these evaluation
methods, a special instrument measures impedance-based signals in both cellular and cell
invasion assays without any exogenous label use [17]. These systems are able to detect cell
responses continuously and non-invasively without disrupting the natural cell environment.
Moreover, not exclusively cell-mediated cytotoxicity and cell adhesion assays, but even
receptor-mediated signaling and virus-mediated cytopathogenicity tests can be performed [18].
These experiments allow more flexibility, quick results, and illustrious precision although rela-
tively high expenses must be considered during the experimental design. High variety of assays
provide an excellent possibility in ranking compounds for consideration in drug discovery. As it
was shown, the highest expenses of pharmaceutical development occur in the preclinical and
clinical studies. By the application of these in vitro tests, the inventors are able to reduce risk
significantly. Assays, performed on cell culture models, are able to unequivocally support the
process of drug development by perfecting efficiency and improving the probability of success.
2. Use of cytotoxicity tests
2.1. Application of cytotoxicity tests
Nowadays the development of a new drug molecule costs around 1 billion dollars and out of
10,000–30,000 possible candidates, only 1 will find its way to the drug market [19]. This means
that the number of companies, which have actual financial background for such a research, is
decreasing and the whole process of drug development is slowing down. This is the conse-
quence of ICH’s GCP protocol, which in one hand, not only created a worldwide secure
standard for clinical trials of new drug molecules, but also radically increased the expanses.
On the other hand, non-drug related medical researches, such as medical devices (insulin
pumps, implants, etc.), also appeared on the market and the requirements of GCP was too
complicated and usually unnecessary.
Such circumstances lead to the increased popularity and development of cell culture model
systems. Cell lines are a cheap way to investigate the effect of any questioned molecule or
device on a given cell type. They can primarily be purchased from cell banks such as European
Collection of Authenticated Cell Cultures (ECACC) and the American Type Culture Collection
(ATCC). Cell lines can either be primary as they are directly isolated from a tissue or organ.
Their structure, protein expression patterns, metabolism, and genetical code are identical with
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the in vivo cells. Also, they are very sensitive to any effect during cultivation and they have a
determined lifespan, meaning that they can only endure a limited number of passages. Sec-
ondary cell lines are immortalized by some method, which means that they have a hypothet-
ically infinite lifespan. However, we can say from our own experience that for example Caco-2
cells are best suited for transport experiments (where they have to create a monolayer on an
insert) between the 20th and the 30th passages. After 50 passages, the cells are hardly able to
reproduce their own number, thus, they are no longer sufficient for cell viability tests.
Also, it is crucial to choose the right cell line for the given experiment. If the question is the
biocompatibility of a chemical compound, which is about to be used on humans, then a human
cell line must be chosen for the given experiment and even, an appropriate organ should be
selected. A good summarizing table was created by Amelian et al. [20] (Table 1).
As it can be seen, there are multiple available cell lines with the same origin. The selection and
the test system must be based on the later application of the device/compound, as each cell line
has a different medium requirement and cultivation method as they can act differently in cell
viability tests.
Also, because anti-proliferative drugs main attribute is their cytotoxicity, the following methods
are ideal for testing these substances on cell lines. Because the secondary, immortalized cells can
be seen as cancer cells (because their apoptotic or growth stop signals are suppressed by
mutations), they are capable to react to certain promising anti-cancer molecules like their in vivo
counterparts.
2.2. Advantages of cytotoxicity tests
As scientific and medical studies are getting more expensive over the recent decades, most of
the universities, research institutes are underfinanced, the importance of a certain method’s
price is greater than ever before. Animal experiments are expensive and the administrative
burden is overwhelming, so they are only used when no other test is suitable. Also, every year
new plants and their respective metabolites are described and through the various methods of
Cell line Origin Application
HeLa, A431 Epithelial cervical cancer Very rapid growth, cells commonly used in cancer research
Caco-2, HT29, HCT-116 Colon adenocarcinoma Studies of absorption via intestinal epithelium, toxicity tests
U2OS Osteosarcoma cells Studies of transport and absorption of drugs
SkBr3, MCF-7, MDA-MB231,
ZR-75-1
Breast cancer Studies of transport and absorption of drugs, screening
anticancer compounds
Calu-3 Serous cells of submucosal
gland
Studies of absorption via bronchial epithelium, metabolic
and transport model to study drug delivery to the
respiratory epithelium
HaCaT Adult human skin Penetration of drug through the skin
16HBE140 Bronchial epithelium Studies of absorption and excretion through the bronchial
epithelium
Table 1. Most common cell lines used in cytotoxicity studies [20].
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chemistry, new molecules are synthetized, and even an older compound might be re-evaluated
for a new indication. Secondary cell lines are ideal for the screening of the enormous amount of
test subjects. If the right cell line is chosen, not just the cytotoxicity, but the biological activity of
the chosen material can be measured. In short time, multiple experiments can be carried out,
with high reproducibility in the same test system. If we use more than one method, with
different signaling mechanisms and different cell lines, we will have a more complex view on
the in vitro toxicity data. This means more information when planning the in vivo experiments.
Generally, it can be said, that if a compound proves to be non-toxic, then in vivo it will be
tolerable. If it is moderately toxic, there is a chance that the 3D structure and the different cell
types of an organ or the human body can effectively recover from the cytotoxic damage or the
damage will only be minimal.
2.3. Disadvantages of cytotoxicity tests
The results of the cytotoxicity tests require additional consideration. They—even if the right cell
lines were used—are not an automatic green light for in vivo application. If a given chemical
proves to be non-toxic, it onlymeans that we do not necessarily have to start our next experiment
in an animal with the smallest dosage, but from a medium or a high concentration, to determine
the maximum single dose, maximum daily dose and the LD50 value. Also, if we do not use the
appropriate cell line—like testing an ointment preservative on enterocytes—then the scientific
value of our study will be questioned. The cytotoxicity tests usually end up in a specific IC50
value. These values usually cannot be compared, because these tests are highly dependent on the
parameters of the test system. Such parameters can be: cell line, passage number of the cells,
number of cells/well, volume of medium/well, growth time of a plate, concentration/volume of
reagent, manufacturer of the reagent, length of incubation, reaction time, solubilization solution
(if needed) even the performance of the spectrophotometer. We suggest that instead of using
static IC50 values, trends, comparisons should be seen. Stating that compound A has an IC50
value of 0.5 mg/ml and B has 0.25 mg/ml should be changed that A is about twice as tolerable,
than B. This fact does not decrease the significance of the cytotoxicity tests, but prevents to deny
of a scientifically accurate study, because the written IC50 value cannot be reproduced. Another
issue is that a specific compound can interact with the reagents or the mechanism of the method,
thus a false positive or negative result can be detected. Such interaction can only be found if we
use more than one method or in the scientific literature. If we only use one type of cytotoxicity
test, the scientific value will be low and the chance of detecting false results will be high. This is
not necessarily caused by a specific interaction, but because of the given test system, the whole
method will over- or underestimate cytotoxicity. Thus, it is advisable to use different types of
tests, so link MTT with LDH or RT-CES, but not with XTT, because they are both tetrazolium
based assays and have the same limitations.
3. Description of different cytotoxicity tests
The cellular damage caused by different chemical compounds can be various and thus, the
methods to measure this effect are numerous. To select the proper test, we must know: number
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of treated cells, number of treatments, what kind of treatment the cells got, do we need these
cells later, or the chosen method can terminate them? Also, do we want to know the kinetics of
the post-treatment population’s changes or simply what happens with the cells after a short
incubation with the selected chemical? The price, the reliability, the user-friendliness of the kit
is an important question too. The mechanism of cytotoxicity can be various so a single method
only gives a simple view on a chosen material. Multiple tests and methods must be used before
anyone can make a solid point about the biocompatibility of a chemical compound. Also, it
must be noted, that a compound can interfere with the detection mechanism of a certain assay,
resulting in a false positive or negative result; thus, multiple methods are needed to avoid such
cases.
3.1. Assays
Cell viability assays are usually cheap, easy-to-perform methods, where after a given incuba-
tion with the selected chemical compound, the number of the surviving cells is measured by
some method. They use no antibodies or radioactive chemicals. Usually, these assays are
carried out on 96- or 384-well plates, making them ideal for screening experiments. It must be
noted, that in some special cases, multiple measurements can be made, but these methods are
not suited for long-term, kinetical or time-dependent killing studies. We must be aware of the
fact, that most methods use some kind of “signal molecule” which—in normal cases—is
directly proportional with the number of cells. If there is an uncontrolled factor that increases
or decreases the strength of the signal, we can get false positive of false negative results. Such
factor is usually increased uptake into the cell or increased activity of the specific enzyme,
responsible for the creation of the signaling molecule. Usually not a single enzyme, but
multiple proteins catalyze the reaction, so the overall metabolic state of the cell must be
considered. It can be said that additional filters for background measuring can greatly increase
the sensitivity. Nearly all eukaryotic cells can perform these biochemical reactions, but previ-
ous research can avoid incompatibility with certain cell lines. In the following table, the most
well-known cell viability assays are listed. Prices are approximating, and they mean the price
of 1000 tests of the kit, according to the manufacturer (Table 2).
Name Mechanism How to detect Price (€)
XTT Enzymatic activity Spectrophotometer 235
MTT Enzymatic activity Spectrophotometer 129
WST-1 Enzymatic activity Spectrophotometer 235
WST-8 Enzymatic activity Spectrophotometer 420
MTS Enzymatic activity Spectrophotometer 172
LDH Enzymatic activity Spectrophotometer 315
Resazurin Enzymatic activity Spectrofluorometer 110
Neutral Red Lysosomal uptake Spectrophotometer 339
Table 2. Most common cytotoxicity assay methods.
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MTT assay is a cheap, popular way, to measure cell death [21]. The reduction of the tetrazolium
structure in theMTTdye 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide leads to a
colored formazan product—this is the basic chemical reaction in every tetrazolium based assay.
The MTT dye has a positive charge, thus it is taken up by the cells and intracellular oxidoreduc-
tases catalyze the mentioned reaction. The oxidative state of the cell and the mitochondrial
respiratory chain are essential in the conversion. Basically, the concentration of NADH limits
the process and any chemical compound that modifies the oxidative potential of the cell can
possibly decrease or increase the signal of the assay [22]. If this effect is not linked with direct
cytotoxic activity, then, it may lead to a false positive or negative result. Various reports have
already indicated that certain test compounds have radically different results in tetrazolium
assay, than in other methods because of the possible antioxidant capabilities [23]. The reaction
starts immediately, but 1–4 h should pass before measuring the absorbance of the test system—
the exact time must be setup according to the parameters of the current test system. A too short
amount of time might result in low signal strength; a too long may mask the difference between
different treatments/concentrations. Various organic solvents might be used to dissolve final
product, the insoluble, purple formazan crystals, but we suppose an isopropanol:hydrochloride
acid (25:1) solution, because it is safe and cheap to use. The acidification of the system is required,
to reduce the amount of the original yellow dye, thus, give us a stronger main signal. The
absorbance must be measured at 570 nm (Figures 1 and 2).
XTT, MTS, WST-1, and WST-8 assays are the improved versions of the old MTT. The final
product of the reaction is soluble in water/cell culture medium; yet, the solubility of the
original dye is greatly reduced, they must be used at 1–2 mg/ml concentrations instead of the
0.2–0.5 mg/ml of the original MTT dye [24]. The XTT and the WST-1/8 compounds have a
negative charge, so they cannot penetrate the cell membrane; their reduction takes place in the
extracellular space [22]. To enhance the effectiveness of transmembrane oxidoreductases, an
Figure 1. MTT dye reaction, the tetrazolium ring opens as a result of the reduction.
Figure 2. Simplified mechanisms of MTT and MTS assays.
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intermediate electron acceptor (IEA in figure) is required, which gets reduced by NADH and
intensifies the final signal of the assay. The specific IEA (such as phenazine ethyl sulfate) is
usually part of the assay kits and its concentration must be determined according to the given
test system. The MTS is at least partially reduced in the intracellular compartment, thus an IEA
is not essentially needed [22]. Because, the final formazan product is soluble in water, the
solubilization step is unnecessary; these assays are more flexible to combine with additional
methods and easier to carry out (Figures 3 and 4).
Resazurin assay (or Alamar Blue) is based on the enzymatic conversion of the cell permeable
blue resazurin to the pink resorufin [25]. Both chemicals are soluble in water and the assay
provides higher sensitivity than the previous methods, because the detection is based on
fluorescence, not spectrophotometry. Also, it must be noted that the reagent is toxic, so the
appropriate reaction time must be based on the sensitivity of the given cell line so the toxicity
of the reagent can be distinguished from the tested chemical. The fluorescence should be
measured with 560 nm excitation/590 nm emission filters. Also, it can be combined with other
techniques such as caspase activity assay because of the different detection method and the
non-interference of the respective mechanisms [26] (Figure 5).
LDH assay is based on the activity of a cytoplasmic enzyme, the lactate dehydrogenase which
reduces the NAD to NADH. NADH then reduces a tetrazolium dye (or other reagent) whose
concentration can be measured spectrophotometrically [27]. The assay is mainly used for the
detection of membrane leakage which correlates with the cell damage. The most common
reagent is the 2-p-iodophenyl-3-p-nitrophenyl tetrazolium chloride (INT) which forms a red
formazan product. The LDH is quite stable for the duration of the assay in the extracellular
space and its amount is dependent on the cell size and oxidative activity, but similar among the
cells of the same cell line. It is excellent when compared with other tetrazolium based methods
because it can measure the damaged cells as well, not just the dead ones. Also in special cases,
it can be used to detect the intracellular LDH concentration. A limitation of this method is that
serum has a high LDH activity on its own, so serum-supplemented mediums are not ideal for
Figure 3. Chemical formulae of the new generation tetrazolium assays from left to right: MTS, XTT, and WST-1/8.
Figure 4. Simplified mechanism of the XTT and WTS-1/8 assay.
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the LDH assay or multiple wash steps are needed before applying the assay reagent on the
cells. Another problem is that if the cells are dead (or growth is inhibited), but the specific
cytotoxic chemical does not distort the cell membrane, then the actual number of dead cells is
underestimated. A solution of it can be the usage of control compounds which have a similar
way-of-killing, than the tested chemical [28] (Figure 6).
Neutral red assay is not based on a directly enzymatic biochemical reaction, but the dye is
taken up by the cells and it stains the lysosomes of the cells [29]. A weak cationic compound,
the neutral red is taken up by micropinocytosis or by non-ionic diffusion and is accumulated
into the lysosomes [30]. After the cytotoxic treatment with the possibly cytotoxic chemical, the
cells should be washed, then the staining solution must should be added to the test system.
After an appropriate time of incubation, the dye must be removed and the cells are washed
again. The incubation with a solubilization solution forces the cells to excrete the neutral red
dye and thus, the concentration of it can be measured at 540 nm. As damaged cells can only
take up and store neutral red at a decreased rate and dead cells are not stained at all, it is a
sensitive assay, but, the cells are washed, disturbed multiple times which—if not carried out
smoothly enough—can decrease the cell number, destroy the monolayer or other kind of
collateral damage can happen to the cells (Figure 7).
3.2. RT-CES
The simple cytotoxicity assays are limited in case of kinetical or time-dependent killing exper-
iments. Simply, multiple measurements cannot be executed, because the test system is dis-
turbed, some xenobiotics (tetrazolium dyes, other cofactors, etc.) are added to the cells or in
case of some methods, the cells are solubilized. The reagents used in the assays can be directly
Figure 5. Mechanism of the Resazurin assay.
Figure 6. Mechanism of LDH membrane leakage assay.
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cytotoxic or at least they modify the cells biochemical equilibrium and activity in a way that
the results are no longer relevant for the latter in vivo experiments. This means that after a
certain treatment with the probably cytotoxic compound, we can only make an end-point
measurement because the test system is irreversibly changed after the addition of the given
signaling molecule(s). Also, if the tested chemical can absorb light or is capable of fluorescence,
it can interfere with the detection system. Because of these limitations the need for a non-
invasive, yet precise method resulted in the invention of real-time cell electronic sensor.
This technique is based on the impedance changes of the cell populations [31]. The cells are
seeded into special E-plates, which are available in multiple size (4-, 8-, 16-, 96-wells, etc.).
These special devices have a positive and a negative electrode in every well, and a low voltage
alternate current flows through the well. As the cells grow, they have a higher impedance
(resistance in AC circuits); and as they die, the impedance value lowers. This effect has literally
no impact on the cells, so it is a non-invasive technique. The length of the experiment is
theoretically unlimited, as there is no end-point of AC current flow. For this reason, the cell
growth can be measured during multiple treatments of the cells, and not just the cytotoxic or
non-toxic effects, but the possible recovery of the cells can be studied as well. It is important,
that first, a part of the cell medium and the solution of the screened chemical must be placed
into the wells of the E-plate, thus the connected software can detect it as a background, with
zero impedance, so chemicals with ionic charges do not interfere with the measured signal.
The cells should be added to the wells after the background detection in a high-density
suspension. Also, the whole experiment can be stopped at any point, to remove the test
solution or to add a new compound to test system (Figure 8).
However, this system is ideal for cell viability studies, it has some disadvantages as well. The
devices and the E-plates have a high price and a limited number of slots to use. The E-plates
can be used multiple times after a specific cleaning protocol, but the sensitive, microelectronic
sensing arrays are easily damaged by washing and organic solvents. This means, that it is not
suited for high performance screening experiments, because multiple assays can be done
during the same amount of time.
3.3. Other methods
Sulforhodamin B is a dye which stains the total protein amount of the cells [33]. The reagent is
an aminoxanthene dye which binds stoichiometrically with the amino-acids under acidic pH.
First, the cells must be fixed with trichloroacetic acid, then washed and dried and the wells
respective optical density measured for background detection. The sulforhodamin B must be
added after this, and it should stain the cells for 20–30 min. After a wash step, the stained cells
must be solubilized and the absorbance measured at 565 nm. The protocol is quite long and
Figure 7. Neutral red dye.
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requires an experienced crew to execute perfectly. Also, the total protein only works, if the cells
grew in the presence of the cytotoxic chemical, otherwise, the dead cells cannot be distin-
guished from the viable ones. However, there are several studies indicating that the
sulforhodamin B results correlate well with the MTT results [34]. A slight advantage of this
method is that because of the multiple wash steps, the tested chemicals can hardly interact
with the dye, unlike other enzyme-based methods. The optimization with the specific cell line
is also much easier because the lack of dependence on metabolic activity (Figure 9).
Calcein-AM/Hoechst 33342 and propidium iodide are dyes that stain viable and dead cells
[35]. In appropriate concentration, Calcein-AM, a lipophilic derivative of calcein is capable
pass through cell membranes and stains the cell, as intracellular enzymes cleave the lipophilic
carbon chain from the dye [36]. Hoechst 33342 binds the A-T rich regions of the DNA.
Propidium iodide stains the nucleus of the cell, but cannot penetrate the cell membrane, thus
it only binds to the dead cells. As the two reagents can be detected at different wavelengths,
multiple emission and excitation filters are needed. Also, every cell line has a different binding
rate and the ideal concentration must be found through testing, as the cytosol of the cells can
be stained by each dye and instead of spectrophotometric detection, manual counting is
needed with a microscope with the specific filters/lamps (Figure 10).
Figure 8. A typical RT-CES diagram showing a time and dose dependent cytotoxicity of 2,6-dichloro-(1,4)-benzoquinone
[32].
Figure 9. Sulforhodamin B.
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3.4. Comparison between in vitro cytotoxicity data and in vivo data
As the whole, medical science and industry is based on the modification, repair of damaged or
badly functioning cells and tissues in human or animal body, the correlation between in vitro
and in vivo data is crucial. Do these artificial test systems, cell lines truly replicate how a real
tissue would react to a certain treatment or compound? The answer is based on the application
of multiple in vitro methods and the careful planning of the in vivo experiments. A good
example of the practice is the study of Yu et al. [37]. Xantii fructus is a traditional Chinese
herbal drug and clinical reports indicated its renal toxicity. The study was based on MTT and
LDH assays of the main components of the herbal drug on a renal cell line, as well as acute and
chronic toxicity experiments in rats. While the main component of the drug, the atractyloside
potassium salt showed no cytotoxicity on the cell lines, the water extract of the fruit had an
inhibitory effect in case of high concentrations on the MTTassay, but no membrane damage on
the LDH assay. These results indicate that the secondary components of the water extract have
cytotoxic capabilities and the exact mechanism of killing might involve the suppressed meta-
bolic activity of the cells, but not the damage of the cell membrane. The acute in vivo toxicity
showed that only high concentrations could terminate the rats and cause abnormalities in the
organs and the chronic toxicity showed only minor changes in the highest concentration
group. Overall, this complex study created a much more accurate, scientific point of view
about the toxicity of Xanthii fructus, what chemicals are responsible for its toxicity, what are
the exact dosages, and what are the side effects that are caused by the herbal drug. It could
only be made by the co-application of various in vivo and in vitro methods.
4. Conclusion
The importance of cytotoxicity assays in early drug development is unquestionable although it
must be concluded that no assay technology for detecting cytotoxicity in vitro is perfect. Strong
arguments can be made for and against using cell viability or cytotoxicity assays as a reliable
model of human medication. Depending upon the objectives of the investigation, either
Figure 10. Chemical formula of the Calcein-AM (upper image), Hoechst 33342 (left image) and the propidium iodide
(right image).
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viability or cytotoxicity assays can be performed. Cytotoxicity assays based on membrane
integrity changes are positive-readout assay which are most typically indicated for shorter-
term exposure models (48 h or less). These assays may not properly determine the absolute
degree of early or late stage cytotoxicity since the kinetics of biomarker emergence or degra-
dation. Viability assays measure the level of biomarker activity inversely correlated with
cytotoxicity, and therefore may be used at any endpoint during a compound/cell incubation
period. Each biomarker of viability and cytotoxicity has advantages and disadvantages. More-
over in early drug discovery, in vitro evaluations of new drug candidates is often met with
skepticism since their reliability and in vivo correlatability. It can be concluded that however
there is some validity to this argument, it is important to put in vitro toxicity data into
consideration during pharmaceutical development.
Author details
Ildikó Bácskay*, Dániel Nemes, Ferenc Fenyvesi, Judit Váradi, Gábor Vasvári, Pálma Fehér,
Miklós Vecsernyés and Zoltán Ujhelyi
*Address all correspondence to: bacskay.ildiko@pharm.unideb.hu
Department of Pharmaceutical Technology, Faculty of Pharmacy, University of Debrecen,
Debrecen, Hungary
References
[1] Horvath S. Cytotoxicity of drugs and diverse chemical agents to cell cultures. Toxicology.
1980;16:59-66
[2] Diaz D, O’Brien PJ. Defining the sequence of events in cerivastatin toxicity using a high
content multi-parametric cytotoxicity assay. European Pharmaceutical Review. 2006;11:38-45
[3] Bolt M, Card J, Racz W, et al. Disruption of mitochondrial function and cellular ATP levels by
amiodarone and N-desethylamiodarone in initiation of amiodarone-induced pulmonary cyto-
toxicity. The Journal of Pharmacology and Experimental Therapeutics. 2001;298:1280-1289
[4] Buxser S, Vroegop S. Calculating the probability of detection for inhibitors in enzymatic
or binding reactions in high throughput screening. Analytical Biochemistry. 2005;340:1-
13. DOI: 10.1016/j.ab.2005.01.034
[5] Ujhelyi J, Ujhelyi Z, Szalai A, Laszlo JF, Cayasso M, Vecsernyes M, Porszasz R. Analgesic
and anti-inflammatory effectiveness of sitagliptin and vildagliptin in mice. Regulatory
Peptides. 2014;194-195:23-29. DOI: 10.1016/j.regpep.2014.09.006
[6] Xia M, Huang R, Witt K, et al. Compound cytotoxicity profiling using quantitative high-
throughput screening. Environmental Health Perspectives. 2008;116:284-291. DOI: 10.1289/
ehp.10727
Role of Cytotoxicity Experiments in Pharmaceutical Development
http://dx.doi.org/10.5772/intechopen.72539
143
[7] Van Outryve S, Schrijvers D, van den Brande J, Wilmes P, Bogers J, van Marck E,
Vermorken JB. Methotrexate associated liver toxicity in a patient with breast cancer: Case
report and literature review. The Netherlands Journal of Medicine. 2002;60:216-222
[8] Pohjala L, Tammela P, Samanta SK, Yli-Kauhaluoma J, Vuorela P. Assessing the data
quality in predictive toxicology using a panel of cell lines and cytotoxicity assays. Ana-
lytical Biochemistry. 2007;362:221-228. DOI: 10.1016/j.ab.2006.12.038
[9] Segall MD, Barber C. Addressing toxicity risk when designing and selecting compounds in
early drug discovery. DrugDiscovery Today. 2014;19:688-693. DOI: 10.1016/j.drudis.2014.01.006
[10] O’Brien PJ, Irwin W, Diaz D, Howard-Cofield E, Krejsa CM, Slaughter MR, et al. High
concordance of drug-induced human hepatotoxicity with in vitro cytotoxicity measured
in a novel cell based model using high content screening. Archives of Toxicology.
2006;80:580-604. DOI: 10.1007/s00204-006-0091-3
[11] Olson H, Betton G, Robinson D, Thomas K, Monro A, Kolaja G, et al. Concordance of the
toxicity of pharmaceuticals in humans and in animals. Regulatory Toxicology and Phar-
macology. 2000;32:56-67. DOI: 10.1006/rtph.2000.1399
[12] Ujhelyi Z, Fenyvesi F, Váradi J, Fehér P, Kiss T, Veszelka S, Deli MA, Vecsernyés M. Bácskay:
Evaluation of cytotoxicity of surfactants used in self-micro emulsifying drug delivery sys-
tems and their effects on paracellular transport in Caco-2 cell monolayer. European Journal
of Pharmaceutical Sciences. 2012;47:564-573. DOI: 10.1016/j.ejps.2012.07.005
[13] Róka E, Ujhelyi Z, Deli M, Bocsik A, Fenyvesi É, Szente L, Fenyvesi F, Vecsernyés M,
Váradi J, Fehér P, Gesztelyi R, Félix C, Perret F, Bácskay IK. Evaluation of the cytotoxicity
of α-cyclodextrin derivatives on Caco-2 cell line and human erythrocytes. Molecules.
2015;20:20269-20285. DOI: 10.3390/molecules201119694
[14] Wienkers LC, Heath TG. Predicting in vivo drug interactions from in vitro drug discovery
data. Nature Reviews. Drug Discovery. 2005;4:825-833. DOI: 10.1038/nrd1851
[15] Dykens JA, Will Y. The significance of mitochondrial toxicity testing in drug develop-
ment. Drug Discovery Today. 2007;12:777-785. DOI: 10.1016/j.drudis.2007.07.013
[16] Gonzalez R, Tarloff J. Evaluation of hepatic subcellular fractions for Alamar blue and MTT
reductase activity. Toxicology In Vitro. 2001;15:257-259. DOI: 10.1016/S0887-2333(01)00014-5
[17] Ito K, Hallifax D, Obach RS, Houston JB. Impact of parallel pathways of drug elimination
and multiple cytochrome P450 involvement on drug-drug interactions: CYP2D6 para-
digm. Drug Metabolism and Disposition. 2005;33:837-844. DOI: 10.1124/dmd.105.003715
[18] Machala M, Blaha L, Lehmler HJ, Pliskova M, Májková Z, Kapplová P, Sovadinová I,
Vondrácek J, Malmberg T, Robertson LW. Toxicity of hydroxylated and quinoid PCB
metabolites: Inhibition of gap junctional intercellular communication and activation of
aryl hydrocarbon and estrogen receptors in hepatic and mammary cells. Chemical
Research in Toxicology. 2004;17:340-347. DOI: 10.1021/tx030034v
Cytotoxicity144
[19] Veljkovic V, Veljkovic N, Este JA, Huther A, Dietrich U. Application of the EIIP/ISM
bioinformatics concept in development of new drugs. Current Medicinal Chemistry.
2007;14:441-453. DOI: 10.2174/092986707779941014
[20] Amelian A, Wasilewska K, Megias D, Winnicka K. Application of standard cell cultures
and 3D in vitro tissue models as an effective tool in drug design and development.
Pharmacological Reports. 2017;69:861-870. DOI: 10.1016/j.pharep.2017.03.014
[21] Mosmann T. Rapid colorimetric assay for cellular growth and survival: Application to
proliferation and cytotoxic assays. Journal of Immunological Methods. 1983;65:55-63
[22] Berridge MV, Herst PM, An ST. Tetrazolium dyes as tools in cell biology: New insights
into their cellular reduction. Biotechnology Annual Review. 2005;11:127-152. DOI:
10.1016/S1387-2656(05)11004-7
[23] Wang P, Henning SM, Heber D. Limitations of MTT and MTS-based assays for measure-
ment of antiproliferative activity of green tea polyphenols. PLoS One. 2010;5:e10202.
DOI: 10.1371/journal.pone.0010202
[24] Scudiero DA, Shoemaker RH, Paull KD, Monks A, Tierney S, Nofziger TH, Currens MJ,
Seniff D, Boyd MR. Evaluation of a soluble tetrazolium/formazan assay for cell growth
and drug sensitivity in culture using human and other tumor cell lines. Cancer Research.
1988;48:4827-4833
[25] Ahmed SA, Gogal RM Jr, Walsh JE. A new rapid and simple non-radioactive assay to
monitor and determine the proliferation of lymphocytes: An alternative to [3H]thymidine
incorporation assay. Journal of Immunological Methods. 1994;170:211-224. DOI: 10.1016/
0022-1759(94)90396-4
[26] Wesierska-Gadek J, Gueorguieva M, Ranftler C, Zerza-Schnitzhofer G. A new multiplex
assay allowing simultaneous detection of the inhibition of cell proliferation and induction
of cell death. Journal of Cellular Biochemistry. 2005;96:1-7. DOI: 10.1002/jcb.20531
[27] Allen M, Millett P, Dawes E, Rushton N. Lactate dehydrogenase activity as a rapid and
sensitive test for the quantification of cell numbers in vitro. Clinical Materials. 1994;16:189-
194. DOI: 10.1016/0267-6605(94)90116-3
[28] Smith SM, Wunder MB, Norris DA, Shellman YG. A simple protocol for using a LDH-
based cytotoxicity assay to assess the effects of death and growth inhibition at the same
time. PLoS One. 2011;6:e26908. DOI: 10.1371/journal.pone.0026908
[29] Cavanaugh PF Jr, Moskwa PS, Donish WH, Pera PJ, Richardson D, Andrese AP. A semi-
automated neutral red based chemosensitivity assay for drug screening. Investigational
New Drugs. 1990;8:347-354. DOI: 10.1007/BF00198590
[30] Zhang SZ, Lipsky MM, Trump BF, Hsu IC. Neutral red (NR) assay for cell viability and
xenobiotic-induced cytotoxicity in primary cultures of human and rat hepatocytes. Cell
Biology and Toxicology. 1990;6:219-234. DOI: 10.1007/BF00249595
Role of Cytotoxicity Experiments in Pharmaceutical Development
http://dx.doi.org/10.5772/intechopen.72539
145
[31] Solly K, Wang X, Xu X, Strulovici B, Zheng W. Application of real-time cell electronic
sensing (RT-CES) technology to cell-based assays. Assay and Drug Development Tech-
nologies. 2004;2:363-372. DOI: 10.1089/adt.2004.2.363
[32] Wang W, Qian Y, Li J, Moe B, Huang R, Zhang H, Hrudey SE, Li XF. Analytical and
toxicity characterization of halo-hydroxyl-benzoquinones as stable halobenzoquinone
disinfection byproducts in treated water. Analytical Chemistry. 2014;86:4982-4988. DOI:
10.1021/ac5007238
[33] Vichai V, Kirtikara K. Sulforhodamine B colorimetric assay for cytotoxicity screening.
Nature Protocols. 2006;1:1112-1116. DOI: 10.1038/nprot.2006.179
[34] Haselsberger K, Peterson DC, Thomas DG, Darling JL. Assay of anticancer drugs in tissue
culture: Comparison of a tetrazolium-based assay and a protein binding dye assay in short-
term cultures derived from human malignant glioma. Anti-Cancer Drugs. 1996;7:331-338
[35] Ciancio G, Pollack A, Taupier MA, Block NL, Irvin GL 3rd. Measurement of cell-cycle
phase-specific cell death using Hoechst 33342 and propidium iodide: Preservation by
ethanol fixation. The Journal of Histochemistry and Cytochemistry. 1988;36:1147-1152.
DOI: 10.1177/36.9.2457047
[36] Tenopoulou M, Kurz T, Doulias PT, Galaris D, Brunk UT. Does the calcein-AM method
assay the total cellular ‘labile iron pool’ or only a fraction of it? The Biochemical Journal.
2007;403:261-266. DOI: 10.1042/BJ20061840
[37] Yu J, Song MZ, Wang J, Li YF, Lin P, Que L, Bao Z. In vitro cytotoxicity and in vivo acute
and chronic toxicity of Xanthii fructus and its processed product. BioMed Research Inter-
national. 2013;2013:403491. DOI: 10.1155/2013/403491
Cytotoxicity146
